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(71) We, INVENTA A.G. FUR FORSCHUNG UND PATENTVERWER- 
TUNG, ZURICH of Stampfenbacbstrassc 38, Zurich, Sv/hzerland, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly riWiriberi in and by the following 
5 statement:-* 5 
The present invention relates to a process for isolating aromatic 
polymers from solution and to apparatus suitable for use in 
this - process* The invention is applicable to any aromatic polymer com- 
prising recurring benzene rings each adjacent pair of which are linked in the 1,3- 

10 or Impositions either by direct bonds or by — G— or —5— atoms or —SO*—, \q 
— CO— ^ — CONH— > --N=N— y — (CH,).—- (n ~ 1 or 2) or -*C(CHa),— 
groups. Often the aromatic polymers have recurring units of the formula —Aw (Ax) p 
(Ay), (Az)r— (formula (I)) where p, q and r may be the same or different and are 
zero or 1, each A represents a benzene ring and w, x, y and z represent 1 infra gps in the 

15 13- or 1,4-positions and which may be the same different and may be direct bonds IS 
or -O— or— S— atoms or — SOr-> ~CO-> -CONH-^, — N=N-> — (CH,)*— 
(n == 1 or 2) or — C(CHs), — groups. 

High molecular weight aromatic polymers of the type described have acquired 
considerable industrial interest in consequence of their outstanding sustained thermal 

20 stability. Commercially they are usually made by pdycondensation of suitable hi- 20 
functional starting materials in polar aptotic solvents in which the polymers formed 
are soluble. In some cases, for example, mat of the aromatic pdyamides, in which w, 
z, y and z are — CONH^- in formula (I), salts, for instance, lithium chloride or 
calcium chloride must be added hi order to keep the polymers formed in solution. 

25 Prior to finally forming the polymers into commercially usabk products, such as 25 

injection-moulded articles, films, roarings, fibres and continuous sections, the polar 
aptotic solvents and any added salts must be removed completely from the polymer. 
If this is not done the properties in use of the final products are appreciably impaired, 
in particular if the products are used at high ambient temperatures. 

30 Tests such as have been described, for example, in U.S. Patent Specification 30 

33601,598 have shown mat a salt content of 0.1% or above in aromatic pdyamides 
may be sufficient to impair the mechanical properties of fibres produced from them. 
Similarly a residual solvent content impairs the properties of formed or shaped products. 
For example a residual solvent content of above 0l5% may result in premature dis- 

35 colouration and embrittlement of the products when they are heated to service tern- 35 
peratnres of 150— 180°G 

The removal of residual solvents or salts from aromatic polymers is rendered 
difficult by the fact that the polymers have a high affinity for polar aptotic solvents 
and alkali metal or alkaline-earth metal halide salts and obstinately retain them. 

40 This is the reason why conventional extraction or drying methods conducted on the 40 
polymers in granular or coarse powder form have not been successful or have succeeded 
only after an economically unacceptable number of washing operations. 

In recognition of these difficulties, it has. been proposed in German Patent 
Specification 2^00^02 to operate with a high-melting auxiliary solvent in die isolation 

45 of aromatic polymers. After the addition of the auxiliary solvent, the reaction solvent 45 
is distilled off in vacuo and die solution of the polymer in the auxiliary solvent which 
[Price 33p\ 
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in dimethyl sulptaride (Swiss Patent Specification 447,603 ) ; 
a solution of a polymer having recurring stnictmal units 
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* sd Ption °f ^ internal copolymer witbout regular structural units prepared 
from 4-mercaptaphenoJ and 4,4'-4ichlorod^)hcnylsulphonc in sulnholan f German 
Patent Specificatian 2,117320). k 

Otter examples of polymer solutions which are suitable for the present process 
will be apparent from, for example, the patent specifications mentioned 

If necessary or desired a mixture of polar aprotic solvents can be used Also if 
necessary or desired a diluent can be included in the solution, for example to reduce 
the viscosity of the solution. If a diluent is to be used men dimethyl formamide is 
often suitable, particularly when water is to be used as the precipitating medium. 

Water preferably employed as the precipitating medium but sometimes it is 
desirable to use methanol or ethanoL 

To achieve good results the viscosity of die solution being sprayed is important 
Preferably the viscosity is between 1 and 100 poise, advantageously between 5 and 20 
poise. The viscosity of a polymer solution is dependent on the molecular weight of the 
dissolved polymer, the concentration and the temperature However in order to obtain 
the desired physical properties of the polymer the molecular weight generally cannot 
be varied too much and generally must not be below certain minimu m values * senerallv 
10,000—15,000. As a result the viscosity of the solution can in practice be adjusted 
only by varying the concentration of die polymer or by varying the tenuxrature of 
w the solution. The latter course is preferred, since the viscosity depends to a high 
degree on the temperature, as a result of which the desired viscosity range can be 
obtained without the use of large amounts of solvents or diluents. It is therefore 
preferred to spray the polymer solution at elevated temperature, between 50° and 
150°C ma viscosity range of 5 — 20 poise. 
25 Polymer solution can be sprayed in a stream of compressed air by producing in a 

tube, which is preferably arranged horizontally, a powerful air stream which sweeps 
past the upper end of a preferably vertically arranged tube dipping into the polymer 
solution and serving as an exit conduit This is the working principle of a conventional, 
compressed-air-operatEd paint spray gun. This method has numerous disadvantages 
30 including high arr consumption per kg of polymer solution delivered, high solvent 
losses and non-uniform size of die drops in the spraying jet Accordingly this method 
is not very satisfactory for use in the invention and instead it is strongly preferred to 
spray pnrery by liquid pressure, the above listed disadvantages being avoidable pro- 
vided suitable nozzles are used 
35 uquid pressure is preferably 50—300 atmospheres gauge and this can be 35 

produced in various ways, for example by means of piston, diaphragm or geared pumps, 
or by applying the pressure of an inert gas with the necessary intensity to a supply 
vessel containing die polymer solution. Tb& pump and supply vessel are preferably 
surrounded by a double jacket mrough which arculates a heating medium which 
40 brings , the entire spraying apparatus to the desired temperature. The pump and die 40 
high-pressure supply vessel are connected via a hose or a pipe to the nozzle, from 
which the spray jet issues and strikes die moving surface of die preciphatmg medium 
from a distance of, preferably, 20—60 cm. 

The moving surface of the precipitating medium is preferably a smooth surface 
43 and may be one at w hich substantially or wholly laminar flow occurs. Any convenient 45 
smo oth m oving surface may be used in die invention. In one form the surface may be 
die surface of a moving film, for example a sheet or cylindrical film. In another, the 
surface may be the moving surface of a bulk volume of the medium and convenkndy 
this can be achieved by providing a forced vortex of the medium having a smooth 
50 parabolic surface. 50 
Apparatus suitable for use in die process of the invention comprises a first supply 
vessel that may contain die precipitant medium, means in or associated with the first 
amply vessel for providing a moving surface of die medium, a second supply vessel 
that may contain the polymer solution, an atomizer nozzle for spraying the solution 
55 onto the moving surface, and a high pressure pump for dehvering the solution to the 55 
moving surface. , 

Suitable apparatus is illustrated in die accompanying" drawings in which Figure 1 
shows diagrammatically the entire apparatus whOe Figures 2 and 3 show diagram- 
maucaliy the part of the apparatus where the solution is sprayed onto the moving 
60 surface. 60 



Referring to Figu re 1, the apparatus comprises a supply vessel 1 for die polymer 
solution, a high pressure pump 2, a heated pipe 3 leading to a spray nozzle 4, a supply 
vessel 5 containing the precipitating medium (often water), a stirring apparatus 6 
powered from beneath the vessel and designed to provide die desired moving surface 
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to the vessel 5, a discharge pipe 7 leading from the vessel to a centrifuge, a beating 
oilarcdam«pT™8andaheatexdiim^r9. * neanng 

When, as in F«me 1, a rotating cone of the medium is employed as the movinc 

S^^ri !fj ama *!J5 e P 10 ^ 0811 * radered ammnaus by making up 5 
^^S^l^fJTT 3 * ^^/P«*ipi«Bnt running off at 7 byiE 5 

fSc^™^ 5 ^ * 8t .* e 1?P ^always unowned 
W« J«T? ^ST^^ 0 ^ * J ? nyin8 46 invention into effect are illustrated in 
Figures 2 and 3. In Figure 2, a fihn 10 of precipitant runs our of a slfrn^de 11 

fc^l"^.^ U ^ * ^A^^y^Xte mlolghTflat- 10 

."J^fl^fe 3 ' afuml *°f Precipitant is mrfocedWtta 
SSS, 1 iS?^ ^JIX "nnhrdit ranXl 6 and the 

^ononisspiayed by means of hollow cone nozzle 17. ^ y 

15 tte* w^^S^ fj"?^ ^ fo nn of jet spray are well known. MPhiTst 
watL^tS^, ^flr fa , °* er for spraying 

^^t^^J^JT^ W . s ^ nti0IB ' *«y « Stable for A? 

The aromatic polymer powder produced in the process is obtained as a disDeaaon 

E ^SS" I^.E^^J*?. a "f 1 ^ size distribution such as cS 

be achieved by other methods, soch as, for instance compressed-air spraying. The 
average parade size depends on the concentration, viscosity and temperWmfof the 
pofpner solution, as well as tbe spraying pressure and me nozzle cross-section. Depend- 
£?J^5? adjustment of these parameters, the average particle size of die powdeTcan 
°? JM^^proxnnately wnhm the range of 10 to 300 mm. The individual particles 
of the powder have a large specific area, as a result of which subsequent waste* and 
d 2 aS » Pamcular the extractive removal of xc*todi&na!r^t^ 

are greatly facilitated. 
30 Ttefollowii^ExHmfte 



Example 1. 

A solution of a polymer with rccuorag units of die strotoe 
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« Z^^L^^ * prepWed i°„ accoidantt Example 1 of Swiss Patent 
35 Spj^canon 447^603 m an amount 100 tunes as large. The solution is diluted with 35 
4.5 litres of imemyiformamide and filtered off from the suspended potassium chloride. 

The solution a mtroduced into a 25-litre vessel of stainksTsteel ( 1 in Future 1 > 
■? he fl55^i 0 110 ° C of the solution at lttitt££K& 

m S^ 6, hl ^-P Icssnre Pan* pump delivers the solution ataSessure of 120 

40 amtospheres gauge dirough a pipe likewise heated to 110°C to a nozzfel^udng a 40 
solid raoical let (IxchtoModd SZ 006/45), from which the solution is%prayed 
^. ?n a ?!^fi C6nttan !i?^ upper.part of a 1004hre vessel of stainless 

wed filled with 30 hoes of water which is so stirred by means of a stirrer installed 
« i n *=. b «? m « *e vtssel that a parabolic trough of water having a laminar How is 

r™" 1 - SP™^ I« °f polymer solution strikes the rotating surface of the water 45 

^lf^ rf ^ 50m ^ fe ^P ( ^"^P^^m^on^rf 
a powder wim an average particle size of 80 mn. 

The powder is separated from the mixture of water and solvent by centrifaamj, 
washed ™* h ot water and dried. After washing and drymg, the^owder 

50 contains 0.1 V nf nmnir tnhm** ™„ i_j ~ j\ ~.i . * 7 . «« 



r^screwltrS ^ - ^ worked up directly mto^-gradeX 50 

.... • Example 2. 

A solution of a polymer with recurring units of the structure 
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in sulpholan (tctrahydiodiiophcn-S^S-^iioiidc) is prepared, in accordance with Example 
12 of British Patent Specification 1,153,035 in an amount 500 times as large. The 
solution, which is dilated with 6 litres of dimethyifatmamide and filtered, is intro- 
duced into a 25-litre vessel of stainless steel and heated to 85 °C The viscosity of 

5 the solution at this temperature is 11 poise. A high-pressure diaphragm pump likewise 
heated to 85°C delivers the solution at a pressure of 145 atmospheres gauge to a 
swingable discharge nozzle, Schlkk Model 655/1, with a spraying angle of 15°. 

The isolation of the polymer in the form of a tine powder is performed in accord- 
ance with Figure 2, by the flat Jet of atomised polymer solution striking a moving 

10 film of water from a distance of 40 cm, the film of water issuing from a slit nozzle with 

a size of 160 x 03 mm and running down over a surface inclined at 45°, The powder 
dispersion arrives by way of a funnel at the centrifuge, where the polymer powder is 
separated from the nurture of water and solvent With continuous operation, this 
mixture is circulated until tic concentration of solvent is about 20 — 30% by weight 

15 From this time an, the concentration of solvent is kept constant by adding fresh water 
and the corresponding amount of liquid is withdrawn from the circuit 

The powder removed from the centrifuge has an average particle size of 120 nm 
and, after being boiled three times with water, is free from salts and solvents. 

Example 3. 

20 A solution of a pol yamide with recurring units of the structure 




in dimethyl acetamide, which contains 10% by weight of pcOyamide and 2% of calcium 
chloride referred to the solvent, is prepared in according with Example 14 of U.S. 
Patent Specification 3,063,966. 

25 10 litres of this solution are introduced into a stock vessel with a capacity of 25 

litres and heated to 70° C The viscosity of the solution at this temperature is 18.6 
poise. By means of a preheated high-pressure piston pump the solution is supplied 
at a pressure of 220 atmospheres gauge to a Lechler hollow cone nozzle, Type KS 
1/13, with a spraying angle of 60°. 

30 The precipitation of the polyamide powder is performed in accordance with 

Figure 3 in a cylindrical vessel with a diameter of 50 cm and a length of 100 cm and 
along the inner face of which a film of methanol which is continuous all round flows 
vertically downwards. The methanol film is produced by means of an annular slit 
nozzle with slit width of 03 mm mounted in the cover of the vessel. The methanol 

35 feed is 8 Htres/rnire, white the polvmer solution is sprayed at a rate of 2 htres/min. 

A suspension of the polyamide powder is supplied to a continuously operating 
pusher centrifuge, in which the powder is separated from the mixture of methanol and 
dUmethykcetamide. After boiling three times with methanol, the powder shows the 
following analytical data: 

40 Average particle size 82 nm 

Dimethyl acetarnide content (by gas chromatography) 0.06% 
Calcium chloride content (chlorine determination) 0.02% 

Example 4. 

A solution of a polymer with recurring units of the structure 




in tetramethylurca, which contains 10.8% of polyamide and 6% of lithium chloride 
referred to the solvent, is prepared in accordance with Example 58 of U.S. Patent 
Specification 3,671,542 in an amount 10 times as large, 

20 litres of this solution are sprayed and turned into powder in accordance with 
Example 1 in an apparatus according to Figure 1. The Mowing operating conditions 
are used: 



Temperature of the polymer sohrtian 120°C 

VfccDsityatl20»C 2Upo« 

& P " SBe 240 sims. gauge 

wTw Spray systems 2/30 

fE^i" solid cone 

Ddnei y 3.5 lhres/min. 



Analytical date of die powder (after washing and drying) : 

Bulk weigit ojy) 
Tetnmetttjimea content (X52°/ 
Lithnnn chloride content 023% 



A sctatko of a polymer with recmringlmhsof die structure 

-OO-O-i-O 

SpedfiS < ^S. iS Piepared * 8CC0IxW ^ Ban ? te 1 of British Paaa 
p„ isolation of the polymer in powder form is carried out in accordance with 
Example 3 ,n an apparatus according to Figure 3. The following operati^^S 

Temperature of die polymer sohttkm 85"C 
Viscosity of die solution at 85°C 17.5 poise 

Spray-jet Hollow cone 

Spraying angle gQo 

DeHva y 35 Ihfts/mm. 

Analytical data of the powder after wa^ and drying: 
^^panidfeste 70-*0nm 

Rtikweignt Qjg 

DimeihyilonnamiQe content 0.18% 
Hm n pfe 6. 

Asohrtion of an aromatic polyedierdnoed«r without regular structural units is 
xured l in dimethyl sulphcBnde from monoduohydroquinone and 4>4'-dichlon>- 
^.^^^aipnane m accordance with Example 1 of German Patent Specification 

^J^J^^ ^LiF*™^ d2u ? d dime *y i ««lphoxidem a polymer 
S sp ^ ci to ^ m accordance with Example ffaan 

apparatus according to Figure 3, the following operating conditions bemg nsea: 

Temperature of toe polymer solution 60°C 

Viscosity of Ac solutioD at 6Q°C 63 poise 

^n^iig pressure ^.^W 

5^ B j et ScMick 103/3 

Spraying angle 45© °* 0006 

Delim y 4.5 htres/min. 



Analytical data of Ac powder after and drying: 

Dmaethyl sulphozide content 0 1?°/ 

Sodhmi chloride content o!o2%. 
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WHAT WE CLAIM IS:~ 

1. A process in which a high molecular weight aromatic polymer comprising re- 
curring benzene lings each adjacent pair of which ate linked in me 1,3- or Impositions 
either by direct bonds or by a — O — or — - S — atoms or a -^SO*— > — CO— > 
5 — ^CONBH, — N=N— > — (CH,)*— (n= 1 or 2) or — C(C&)i- group,, is 5 
isolated as a powder from solution in a polar aprodc solvent by spraying the sohjnan 
under pressure onto the surface of amoving Uqcdd precipitating medium of the formula 
ROH where R represents hydrogen or alkyL 

Z. A process according to daim 1 in which the polymer solution being sprayed 
10 has a viscosity of from 5 to 20 poise. 10 

3. A process according to claim 1 or daim 2 in which the polymer solution being 
sprayed has a temperature of from 50 to 150°C 

4. A process according to any preceding daim in which the polymer solution 
indudes a diluent. 

15 5. A process according to any preceding claim in which the spraying pressure is 15 

from 50 to 300 atmospheres gauge, 

6. A process according to any preceding claim in which the surface is the surface 
of a flowing film of the medium or the smooth parabolic surface of a forced vortex of 
the medium. 

20 7. A process according to any preceding claim in which the polymer has recurring 20 

units of the formula— Aw (Ax) p (Ay), (A2)*— where p» q and r may be the same 
or different and are zero or 1, each radical A is a benzene ring and w, x, y and z 
which may be the same or different represent direct bonds or — O— or — S — atoms 
or — SO*-, —CO—* — OGNH— * -tf=N, — (CH.V- (n=l or 2) or 

25 —CCCHOa— groups. 25 

8. A process according to any preceding claim in which the polymer has recurring 
units of the structure 

9. A process according to any of claims 1 to 7 in which the polymer has recurring 

30 units of the structure 30 



10. A process according to any of claims 1 to 7 in which the polymer has recurring 
units of the structure 

35 11. A process according to any of claims 1 to 7 in which the polymer has recurring 35 

units of the structure 

12. A process according to any of claims 1 to 7 in which the polymer has recurring 
units of the structure 
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lead SaSS^St? 1? * «< I 

sun r& S&.SaySi^ w** 

or a smooA ps^bdic arf^ mJI^SSS^T* & " *" 



For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52 Chancery Lane, 
London, WC2A 1HN. 
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